The majority of the basalts drilled on Leg 65 in the Gulf of California are aphyric to sparsely phyric massive flows ranging in average thickness between 5 meters in the upper part of the sections in Holes 483 and 483B, where they are interlayered with sediment, and 14 meters in Hole 485A, where interlayered sediments constitute more than half of the section. Massive flows interlayered with pillows are generally less than 4 meters thick. The pillow lavas recovered are more phyric (up to 15 modal%) and contain two to three generations of plagioclase and olivine ± clinopyroxene. Plagioclase generally exceeds 60% of any given phenocryst assemblage. Resorbed olivine, clinopyroxene, and plagioclase megacrysts may reflect a high-pressure stage, the phenocrysts crystallizing in the main magma chamber and the skeletal microphenocrysts in dikes. Precise measurements of length/width ratios of different phenocryst types and compositions show low aspect ratios and large crystal volumes for early crystals and high ratios and low volumes for late crystals grown under strong undercooling conditions. The minerals examined show wide ranges in composition: in particular, plagioclase ranges from An 92 to An 36 ; clinopyroxene ranges from Ca 41 Mg 51 Fe g in the cores of phenocrysts to Ca^ó Mg^Fef< in the groundmass; and olivine ranges from Fo 86 to Fo 8 ,.
INTRODUCTION
During Leg 65 of the Deep Sea Drilling Project (DSDP), six major holes were drilled at three principal sites (482, 483, and 485) at the mouth of the Gulf of California (23 °N) (Figs. 1 and 2), recovering a total of about 420 meters of basalt (Figs. 3 and 4) . The holes were drilled in crust ranging in age from 0.5 m.y. (Site 482) to 2.0 m.y. (Site 483) at distances ranging from 12 km (Site 482) to 52 km (Site 483) from the spreading axis. One additional site (Site 484) was drilled in the nearby Tamayo Fracture Zone (Fig. 1) . One of the main purposes of this leg was to study magma chamber evolution and crustal construction processes at a ridge with a moderately high spreading rate (about 5 cm/y.) in a young ocean basin with a high sediment influx for comparison with slow spreading ridges (2-3 cm/y.) of the Atlantic type with very low sedimentation rates. The present chapter presents and briefly evaluates lithologic, petrographic, and mineral composition data for basalts from these sites. Major and trace element data are discussed in a companion paper (Flower et al., this volume) and volcaniclastic rocks and glass alteration are discussed by Schmincke (this volume) . A fuller discussion of the data will be presented elsewhere. Flower et al., this volume.) including the following: (1) the presence of a distinctly vesicular zone below the top of the massive basalts (Plate 2, Figs. 1-3); (2) the absence of intrusive relationships; (3) the absence of baked contacts (the minor induration observed in the sediments immediately overlying several of the massive basalt units is attributed to subsequent diagenetic reactions near the sediment/basalt contact) (Plate 1, Figs. 1, 2); (4) the presence in one hole of a bedded hyaloclastite which chemically resembles the underlying massive basalt, suggesting derivation from the glassy crust of a surface flow (Schmincke, this volume) ; (5) the stratigraphic continuity over distances of several hundred meters of flows which are vertically separated from other massive units by a few centimeters to a few meters of sediment (Fig. 3) ; (6) the imprint of broken vesicles in the sediments lying in contact with the underlying basalt; and finally (7) the presence of ophimottled textures in the basalts themselves (Robinson et al., 1980) . Other lines of evidence, however, such as internal diking in Unit 3, Hole 483 (Plate 1, Fig. 4 ) and chemical differences within Unit 5, Hole 485 (Flower et al., this volume) suggest intrusive processes. In lithologic Unit 3 (Hole 483) the diking could have occurred as autointrusion during the sagging of a thick, liquid-cored lava sheet after it was emplaced on soft sediment. The chemical diversity within Lithologic Unit 5 (Hole 485A), however, is probably the result of the intrusion of magma batches of slightly differing chemistry. Thin stringers of sideromelane extending into the sediment from the top of Lithologic Unit 8 in Hole 485A also suggest intrusion (Plate 1, Fig. 3 ). The sites drilled are thus intermediate between an environment with a high sedimentation rate, such as the Guaymas Basin, in which many if not all of the basalts are emplaced as intrusives (Curray, Moore, et al., in press) and one with a low sedimentation rate, such as the Mid-Atlantic Ridge, where nonintrusive sheet flows are common (e.g., Robinson et al., 1980) . A further indirect but powerful argument for the interpretation of the massive basalts as extrusives is the succession of flows observed in Holes 483 and 483B in which massive flows of more evolved chemistry and mineralogy are underlain by pillow lavas of more mafic chemistry and higher phenocryst content (Flower et al., this volume) . The massive basalt flows are from 3 to 7 meters thick in the upper part of Holes 483 and 483B above the pillows, but are much thicker in Hole 485A where the average thickness is about 10 to 14 meters (excluding Unit 5, which is 26 m thick). We are not certain whether thick sheet flows and intrusives grade into each other where surface flows have burrowed into soft sediments. In any case, thick massive flows appear to dominate during the late and probably waning stage of volcanism. They represent single extrusive events separated from each other by a significant hiatus in time. The sheet flows interbedded with pillow lavas in the lower part of Holes 483 and 483B (Fig. 4) are thinner and more vesicular than the flows higher in the section and are separated from each other and the overlying pillows by much thinner sediment layers. The pillow sequences are also thin (about 15m). Although sheet flow and pillow units could represent the distal edges of eruptive units, the similarity in the thickness of the units between Holes (Fig. 4) , as well as between Holes 482B, C, and D where the holes are about 200 meters apart (Fig. 3) , suggests that the eruptive units are relatively thin in this environment. In other words, the height of sheet flow and pillow volcanoes during terminal activity at the mouth of the Gulf of California appears to have been low. One of the factors determining volcano height appears to be spreading rate; volcano heights range from about 250 meters in the FAMOUS area to 50 meters in the Galapagos Rift (Ballard et al., 1979) . Eruptive units, as well as eruptive cycles combining several petrologically related eruptive units, appear to be thicker in the Atlantic than in the Pacific, judging from the deepest holes drilled on Legs 37 and 51-53 Robinson, 1979, 1981; Robinson et al., 1980) . Robinson et al. (1980) restrict the term "flow" to cooling units more than 3 meters thick. While such thicknesses hold for flows in the upper part of Holes 482, 483, 483B, and all of Hole 485A, several massive basalt units interlayered with pillows in the lower part of Holes 483 and 483B have been interpreted as flows even though they are less than three meters thick. We have observed flows of similar thickness to be common in the Troodos extrusive section (Schmincke et al., in press ).
GENERAL LITHOLOGY
The reason why submarine lavas erupt as pillow and sheet flows is not clear, but high eruptive rates are thought to be an important factor (Ballard, 1979; Robinson et al., 1980) . The lateral continuity of individual flows over at least 200 meters at two sites (482 and 483) also suggests that these flows represent high eruptive rates.
PETROGRAPHY METHODS
About 60 thin sections, representing all holes and all major basalt types, were first examined qualitatively using a petrographic microscope. Twenty thin sections, chiefly of glassy to tachylitic basalts, were then studied quantitatively using the semi-automatic VIDEO-PLAN picture-analysis system, which allows precise measurement of the volume, size, and form of phenocryst phases. Two methods of measuring crystal dimensions were employed in this study. In the first method, thin sections were projected onto a digitizing tablet and the phenocryst perimeters were then traced with an electronic pen. In the second method, the light from a light-emitting diode (LED) attached to an electronic cursor is projected into the measuring field of the microscope. Thus the movements of the cursor on the digitizing tablet can be followed while observing the thin section. The longest and shortest dimensions were then calculated for each crystal from the major (A) and minor (B) axes of the ellipse with the same moment of inertia as that of the measured grain. In each thin section, up to six areas about 0.8 cm in diameter were measured, covering from 50% to 80% of the area.
Pillow basalts were selected for more detailed examination in this study because they tend to be more phyric than massive basalts and because phenocrysts can be more easily identified in rocks with a glassy or fine-grained groundmass. The data from this analysis are reported in Table 2 
General Petrographic Overview
The basalts drilled on Leg 65 show the entire range of submarine basalt textures, from thick, fresh, glassy pillow rinds (Plate 2, Fig. 4 ) and thin, mostly devitrified margins of massive flows (Plate 1, Figs. 1, 2) to coarsegrained gabbros in the 10-to 20-meter-thick cooling units recovered at Site 485. Most of the basalts are aphyric to sparsely phyric, but phyric basalts with 5% to 15% total phenocrysts are common in the pillowed units of Holes 483 and 483B (Table 2 ) and in the lowermost massive flows in Hole 483. Like most ocean floor basalts, the most common phenocryst phase is plagioclase, which generally composes from 60% to 90% of the phenocryst assemblage. Olivine is generally less abundant ( 3% in volume), and clinopyroxene is usually sparse (< 1%) to absent. Clinopyroxene is more common than olivine, however, in Cores 483B-22 through 25, where it occurs principally in glomerophyric intergrowths with plagioclase, indicating more advanced crystallization of the magma prior to eruption.
Vesicles are rare to absent in the chilled margins examined but increase in size and abundance toward the interiors of pillows and the tops of sheet flows, averaging less than 2% by volume. Segregation vesicles, on the other hand, are very common in both types of basalt (Plate 2, Figs. 1-3 ). These become increasingly filled toward the interiors of pillows and may be rimmed with plagioclase.
Pervasive alteration is generally restricted to the filling of vesicles (Plate 2, Figs. 1-3) and fractures, and to the replacement with smectite of groundmass glass and most of the olivine in the more coarse-grained basalts. Higher-grade alteration occurs near a hydrothermal vein in Hole 482C and in the interior of several thick cooling units at Site 485 (Morrison and Thompson, this volume).
Phenocrysts Plagioclase
Plagioclase occurs in four texturally and compositionally distinct forms in the Leg 65 basalts. These consist of megacrysts, normal phenocrysts, microphenocrysts, and microlites.
Plagioclase I (megacrysts): (Plate 3, Figs. 1,2). The plagioclase megacrysts observed occur almost exclusively in the phyric pillow basalts of Holes 483 and 483B where they generally constitute less than 1 % of the rock. They are classified as megacrysts not because of their abnormal size (54 mm) but because they are larger than the other plagioclase types, occur mostly as single crystals, are moderately to strongly rounded, may have cores filled with, or delineated by, devitrified melt inclusions, and show complex, in part oscillatory zoning with one or more major breaks in composition. The crystals vary in area from about 5 to 20 mm 2 with a mean value of 10.5 mm 2 and have an aspect ratio, A/B, which is al' ways less than 3 (Figs. 6, 7) .
Plagioclase II (normal phenocrysts): (Plate 3, Fig. 3 ). Normal phenocrysts constitute between 6% and 8% of the most phyric basalts and range in length from 0.1 to 0.3 mm, with most averaging 0.7 mm. The phenocrysts vary in area from 0.3 to 10 mm 2 with a mean of 1.5 mm 2 and have a maximum aspect ratio of 8 (Figs. 6 and 7). The crystals are invariably euhedral and commonly display synneusis twinning. Zoning, however, is not pronounced. The plagioclase in this group may occur in glomerocrysts with olivine but crystals intergrown with clinopyroxene are also included in this group, though they are mostly sub-to anhedral. In some basalts, phenocrysts grade irregularly into microphenocrysts. Plagioclase III (microphenocrysts or pre-emption microlites): Plate 3, Fig. 4 ; Plate 4, Fig. 1 ). The plagioclase crystals belonging to Group III are generally euhedral and range up to 1.2 mm in length, with most falling between 0.2 and 0.25 mm in length. The crystals are usually acicular in form, with aspect ratios as high as 15 and areas ranging from 0.01 to 0.5 mm 2 , with a mean of less than 0.1 mm 2 (Figs. 6 and 7). The plagioclase in this group occurs in varying amounts (generally less than 3%) in the glassy selvages of pillows and flows; therefore, it must have crystallized prior to emplacement, even though its morphology is similar to that of microlites. In general it can be distinguished from groundmass plagioclase in the glassy or tachylitic rinds of pillows and flows, but not in the more slowly cooled interiors of the thicker cooling units.
Plagioclase IV (groundmass microlites): The plagioclase crystals belonging to Group IV resemble the microlites of Group III but show wide variations in texture and shape which depend principally on the cooling rate (Lofgren, 1974; Kirkpatrick, 1979; Natland, 1978; Kuo, 1980) .
Clinopyroxene
Clinopyroxene occurs in three forms in the Leg 65 basalts. These consist of large isolated phenocrysts, small phenocrysts, and microphenocrysts and microlites.
Clinopyroxene I (normal phenocrysts):
The phenocrysts in this group occur either as single, large (<2 mm), rounded crystals (Plate 4, Fig. 2 ) or in intergrowths with euhedral to subhedral plagioclase. The crystals are grass green in hand specimen and occur exclusively in the phyric pillow basalts of Holes 483 and 483B, where they constitute less than 1% of the rock.
Clinopyroxene II (phenocrysts and microphenocrysts): The crystals belonging to Group II are euhedral to anhedral and are generally about 0.5 mm in diameter. They occur chiefly in glomerocrysts with plagioclase (Plate 4, Figs. 3 and 4) and constitute less than 2% of the rock.
Clinopyroxene III (microlites): The clinopyroxene crystals belonging to Group III occur in all of the thicker cooling units drilled on the leg.
Olivine
Olivine occurs in three forms in the basalts recovered on Leg 65. These consist of megacrysts and phenocrysts, microphenocrysts, and groundmass crystals.
Olivine I (megacrysts and phenocrysts): The olivine megacrysts observed contain spinel inclusions, are slight- and occur in glomerophyric clots with plagioclase or, more rarely, as single crystals. Olivine III (groundmass olivine): Groundmass olivine is common in the highly crystallized interiors of massive basalts, but it is generally replaced by alteration products.
Plagioclase/Clinopyroxene Glomerophyric Clots
Three types of plagioclase/clinopyroxene clots with gradations between all types are recognized in the Leg 65 basalts. These include: (1) small clots, generally 1.0 mm in length, of strained anhedral clinopyroxene and acicular plagioclase (Plate 4 , Fig. 4) ; (2) intergrowths of moderately coarse-grained, subhedral to euhedral clino-pyroxene and plagioclase (Plate 4, Fig. 3) , and rare clots of rounded clinopyroxene and plagioclase; and (3) subophitic to ophitie clots of anhedral clinopyroxene and plagioclase ranging up to 5 mm in length. These are distinct from the clinopyroxene/plagioclase clots that form in situ in the zone between the chilled margin and the fully crystallized interior of the thicker cooling units.
Petrographic Relationships
A number of conclusions may be drawn from the observations that have been presented. For example, it is clear that plagioclase phenocrysts are much more abundant in the Leg 65 basalts than are olivine and clinopyroxene phenocrysts but that a wide spectrum of assemblages is observed, including plagioclase + olivine, plagioclase + clinopyroxene, plagioclase + olivine + clinopyroxene, and olivine + spinel. It is also evident that each of the major phenocryst phases may appear in several different forms, such as megacrysts, normal phenocrysts, microphenocrysts, and microlites. Finally, it is apparent that the pillow units at Site 483 are distinctly more porphyritic than the massive basalts but that intracooling-unit variation in phenocryst volumes and proportions within the pillow basalts are negligible.
The occurrence of different assemblages and amounts of phenocrysts is clear evidence that crystal fractionation is likely to have played a major role in the evolution of these magmas. However, the diversity in textural types within a given rock indicates that single-stage, closed-system fractionation is not a realistic model for their generation. We interpret the phenocryst textures and different types of clots in terms of several different sites and dynamic conditions of crystallization. Of these, the cooling history appears to be the most important controlling factor. Crystals grown at slow cooling rates are larger and more equant (Figs. 7, 8 ), a physical relationship that is accentuated by the relatively high degree of resorption of these crystals occurring under disequilibrium conditions subsequent to their crystallization. Possible mechanisms for the resorption of early formed crystals include either a decrease in pressure accompanied by contraction of the primary plagioclase field or an influx of hot magma into a more evolved, cooler magma and the selective concentration of plagioclase as a result of flotation (see also Flower et al., this volume) . The last generation of microphenocrysts, on the other hand, commonly displays a skeletal habit (Plate 4, Fig.  1 ), suggesting crystallization under rapid cooling conditions high in the section.
Apart from the high-pressure(?) megacrysts, the majority of phenocrysts are interpreted as having crystallized in the central magma chamber under the ridge. The occurrence of gabbroic clots indicates the disruption and incorporation of slowly cooled parts of the chamber into ascending magma. Although the phenocryst assemblages, amounts, and textures reflect a wide range in the degree of crystallization, the highly porphyritic varieties encountered in several holes in the Atlantic were not found, possibly indicating more rapid replenishment of the magma reservoirs.
The general lack of significant variation in phenocryst abundance within the pillows (Fig. 5) indicates the intrusion of well-mixed, homogeneous magmas. Even where such variation is significant, as in the base of several of the massive sheet flows in Hole 483B, it is interpreted as being the result of posteruptive crystal settling.
The more porphyritic nature of the pillows as a whole is not unique to Site 483 but has also been observed in several holes in the Atlantic. A systematic relationship is also suggested by the observation that thin sheet flows of a more fractionated, but related chemical composition underlie the pillow lavas (Flower et al., this volume) . In such eruptive cycles, the sheet flows possibly represent the upper part of zoned magma chambers. Pillow sequences have also been observed to overlie sheet flows in the Galapagos Rift zone (Ballard, 1979 ) and a gradation toward more mafic composition is common in the eruptive cycles observed in the Atlantic Robinson, 1979, 1981) .
GEOCHEMISTRY SAMPLE SELECTION AND METHODS
After the petrographic studies had been completed, 15 representative basalt samples were chosen for detailed microprobe studies of mineral composition and three additional samples were chosen for glass analysis. About 600 analyses were obtained on these samples at the Max-Planck Institute für Chemie in Mainz using a KEVEX 5100 energy dispersive analytical system attached to an ARL-SEMQ microprobe. An additional 80 analyses were obtained using an automated CAMEBAX microprobe. Glass analyses were carried out using a defocused beam. Particular attention was paid to compositional variations within single crystals. Representative mineral and glass analyses are given in Tables 3 through 9 , and the average mineral and glass compositions are summarized for selected basalt samples in Table 10 .
Mineral Chemistry Olivine
The olivine phenocrysts and microphenocrysts analyzed from Holes 483 and 483B are chemically homogeneous within each sample. The compositions range from Fo 813 for the microphenocrysts examined in Section 483-21-3 to Fo 86 2 for the phenocrysts in Section 483B-30-3 (Table 3 ). These olivine crystals are neither in equilibrium (Roedder and Emslie, 1970) with the glass in the groundmass (where present) (Table 10) , nor with possible "primary" magma compositions. This indicates that at the time of olivine crystallization, these lavas had already undergone some degree of fractionation. Proportions shown on a basis of 40 oxygen atoms.
Clinopyroxene

Plagioclase
The plagioclase megacrysts, phenocrysts, and groundmass crystals studied vary widely in composition from An 917 to An 36 j (Tables 6, 7; Fig. 11 ), the extent of differentiation varying according to the mode of occurrence. The phenocrysts and megacrysts display the highest values, the groundmass crystals display the lowest (An 73 _ 76 ), and the crystals occurring in glomerocrysts (An 75 _ 61 ) overlap with both. This overlap results in part from the difficulty of distinguishing microphenocrysts from coarse groundmass crystals.
The megacrysts and larger phenocrysts are characterized by strong optical zoning. To investigate the relationship between chemistry and zoning in these crystals, successive analyses were made from rim to rim and from core to rim across eight crystals at various intervals (40-200 µm) depending on the crystal size. The most calcic phenocryst examined (Sample 485A-39-1, 26-32 cm) shows a uniform core (An 91 ) with a narrow, relatively sodic central zone (An 80 ) and an abrupt decrease in An content at the rims to groundmass values (An^). Other calcic phenocrysts, however, show more systematic decreases in An content toward the rims (e.g., Sample 483B-20-2, 50-59 cm). Minor reversed zoning is also present. The less calcic phenocrysts (An 70 _ 80 ) are more varied in their chemical zonation, with some being uniform (e.g., Sample 483-21-3, 6-9 cm) and others irregular (Sample 483-22-2, 85-88 cm). Interestingly, nearly all show asymmetric zonation.
Oinopyroxene and Plagioclase Glomerocrysts
The clinopyroxene/plagioclase glomerocrysts examined display a relatively restricted range of feldspar and clinopyroxene compositions (An = 75-61; Mg No. = 85-77). These two parameters show a fairly positive covariant relationship with a correlation coefficient (for 14 samples) of 0.848. This suggests that the glomerocrysts represent coliquidus phases from magmas having different degrees of evolution. However, such a linear relationship cannot be extrapolated to the most calcic plagioclase observed (An 92 ) because it would require the coexisting clinopyroxene to have a magnesium number exceeding 100.
DISCUSSION
The phase chemistry that has been discussed demonstrates that the Leg 65 basalts are typical ocean floor basalts. The relatively low Mg/Mg + Fe values of the mafic minerals and glasses also suggest that the basalts are evolved, although it is difficult to determine the extent of this evolution. Petrographically, a crystallization sequence of plagioclase, plagioclase and clinopyroxene, and finally plagioclase, clinopyroxene, and olivine is recognized in the few samples analyzed by microprobe. This is supported by the phase chemistry: moderately evolved plagioclase (An 75 _ 61 ) occurs with relatively magnesian clinopyroxene (100 Mg/Mg + Fe = 85-77) in glomerocrysts, and magnesium-rich olivine (Fo 86 _ 81 ) occurs with evolved plagioclase and clinopyroxene microphenocrysts ranging to that of the groundmass compositions.
The feldspar compositions range from strongly calcic (An 92 ) down to groundmass compositions both between grains and within strongly zoned crystals. These observations are in conflict with experimental studies of primitive ocean floor basalts that show that plagioclase more calcic than An 80 does not exist as a liquidus phase (Green et al., 1979) . The same authors, however, have suggested the existence of primary magmas with high A1 2 O 3 contents, very low Na 2 O/CaO ratios, and low TiO 2 and K 2 O contents, which have segregated from Na-poor, Tipoor depleted peridotites at very shallow depths leaving a harzburgite residue. Such magmas would precipitate Note: NAC = NaCr (Si 2 O 6 ); Jd = NaAl (Si 2 O 6 ); CCR = CaCr (AlSiO 6 ); CTi = Tp = CaTi (A1 2 O 6 ); CATs = CaAl (AlSiO 6 ). a FeO* represents total iron as FeO. " Proportions shown on a basis of 60 oxygen atoms. the calcic plagioclase and magnesian clinopyroxene observed in ocean floor basalts. Such an origin requires magma mixing at oceanic spreading ridges. Rhodes and Dungan (1979) discuss this latter question in some detail based on residual glass compositions and compositional variations in olivine and plagioclase phenocrysts. They suggest that mixing and crystal contamination between upwelling primary magmas and evolved magmas in a steady-state magma chamber beneath the ridge give rise to a "buffered" ocean floor basalt magma. However, since none of the residual or included glass compositions match the composition suggested by Green et al. (1979) a primary magma origin is considered unlikely for the calcic phenocrysts considered in this study. It is also interesting to note that while Rhodes and Dungan (1979) found plagioclase values as high as An 85 in liquidus runs on Leg 45 basalts, they did not find plagioclase as calcic as the natural phenocryst compositions.
The disparities observed between experimental work and natural rocks demonstrate the existence of a fundamental problem with respect to the petrogenesis of ocean floor basalt. Clearly an understanding of the genesis of highly calcic plagioclase phenocrysts is vital to determining the origin and evolution of ocean floor basalts. The Leg 65 results demonstrate the existence of a continuum of feldspar compositions to values as high as An 92 within samples from one area. The presence of this compositional continuum is inconsistent with the existence of a uniform steady-state magma chamber since it demands wide variations in the conditions of crystallization. Since experimental studies on primitive basalts have failed to reproduce the range of phenocryst compositions seen in submarine basalts and studies of natural glass inclusions (Rhodes and Dungan, 1979) fail to support the existence of magmas other than those observed on the ocean floor, it is clear that the experimental results must be used with caution until the methodology of experimental petrology has been improved.
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